ABSTRACT: Seventy-four beef heifers were used to evaluate relationships among performance, residual feed intake (RFI), and temperament measured as growing heifers (Phase 1) and subsequently as 3-yr-old lactating beef cows (Phase 2) in the same cohort. In both phases, females were housed in a covered facility and fed similar forage-based diets, and individual feed intakes, BW, BCS, chute scores (CS), exit velocities (EV), and pen scores (PS) were collected throughout the 70-d feeding trials. In Phase 2, cows were milked on trial d 14 (lactation d 28 ± 3.5) and trial d 70 (lactation d 84 ± 3.5) to determine energy-corrected milk (ECM) production. Ultrasonic backfat thickness (BF), and ribeye area (REA) were evaluated on d 0 and 70 of the trial in Phase 2. Heifers were ranked by RFI and placed into Low (<0.5 SD mean RFI; n = 27), Medium (within ± 0.5 SD; n = 23), and High (>0.5 SD mean RFI; n = 24) RFI groups. Body weight, BCS, and ADG were similar among all RFI groups; however, daily DMI differed for all groups (P < 0.01) and was greater (10.76 ± 0.24 kg/d) for High, intermediate (9.88 ± 0.25 kg/d) for Medium, and less (8.52 ± 0.23 kg/d) for Low RFI heifers. When cow performance was analyzed based on RFI rank as heifers, BW, BCS, ADG, RFI, d 14 and d 70 ECM, BF, and REA were similar among RFI groups; however, cows that were most effi cient as heifers (Low) had decreased (P < 0.05) daily DMI values (10.30 ± 0.41 kg/d) compared with cows that ranked Medium (11.60 ± 0.44 kg/d) or High (11.50 ± 0.43 kg/d) as heifers. The Pearson rank correlation between Phase 1 and 2 RFI was r = 0.13 (P = 0.30), and Pearson rank correlations showed no relationship (P > 0.1) between RFI and temperament. Phase 1 CS was negatively associated with ADG in Phase 1 (r = -0.28; P = 0.02) and 2 (r = -0.32; P = 0.01), and positively associated with d 14 (r = 0.24; P = 0.04) and 70 (r = 0.25; P = 0.03) ECM. Phase 2 CS was negatively associated with Phase 2 ADG (r = -0.29; P = 0.01) and positively associated with d 14 (r = 0.46; P = 0.001) and 70 (r = 0.33; P = 0.004) ECM. Phase 2 PS also tended to be negatively associated with DMI in Phase 1 (r = -0.20; P = 0.096) and 2 (r = -0.20; P = 0.08). In this study, heifers that were most feed effi cient subsequently consumed less feed as lactating cows and maintained similar performance. Feed effi ciency was not associated with differences in temperament; however, more excitable females had poorer BW gains and tended to have reduced feed intakes but produced more ECM.
INTRODUCTION
Residual feed intake (RFI) is one phenotypic trait used to determine feed effi ciency that measures variation in feed intake independent of BW or growth rate (Crews, 2005) , and is computed as the difference between the actual daily feed intake of an animal and its predicted daily feed intake for a given level of maintenance or production (Basarab et al., 2003) . Its selection does not result in heavier BW because it is independent of ADG (Arthur et al., 2001a; Nkrumah et al., 2004 Nkrumah et al., , 2007 Baker et al., 2006; Kelly et al., 2010a) . The predicted daily feed intake value is obtained by regressing daily DMI on ADG and midmetabolic BW (MBW; BW at test midpoint 0.75 ). Although it has been well es-tablished that RFI is a moderately heritable trait (Herd and Bishop, 2000) , there have been few published studies (Kelly et al., 2010a,b; Loyd et al., 2011) comparing RFI of an individual between 2 different physiological states. Several studies have investigated feed effi ciency in young cattle, but few have determined how RFI may be related to subsequent mature animal performance (Arthur et al., 2005; Basarab et al., 2007; Bradbury et al., 2011) . Recent studies examined the repeatability of RFI in beef cattle between growing and fi nishing phases (Kelly et al., 2010b; Durunna et al., 2011) , but there are no reported data demonstrating the relationship of RFI for growing females compared with those same females as mature, lactating beef cows. Therefore, understanding the impact of selection for feed effi ciency of growing cattle on subsequent mature cattle performance is essential to completely understand the impact of feed effi ciency in beef cattle operations. Therefore, the objectives were to determine: 1) whether RFI evaluated as heifers has an impact on subsequent RFI, overall performance, and temperament as mature cows; and 2) the correlation between RFI measured in growing heifers and measured in lactating cows.
MATERIALS AND METHODS
All procedures involving animals were approved by the Animal Care and Use Committee of the Institute of Food and Agricultural Sciences at the University of Florida. Upon arrival at FEF, heifers, within breed group, were fi tted with electronic identifi cation (EID) tags (Allfl ex USA Inc., Dallas-Fort Worth, TX), weighed, and randomly assigned to pens (108 m2/pen at a stocking rate of 16.9 heifers/pen), which were equipped with 2 GrowSafe feedbunks (GrowSafe Systems Ltd., AB, Canada). A 21-d acclimation period preceded a 70-d feeding trial (Archer et al., 1997) , during which the GrowSafe system recorded individual daily feed intakes. Of the 70-d feeding trial, 62 d of valid feed intake data were used to assess feed effi ciency. Heifers had ad libitum access to water and a forage-based diet (Table 1) , consisting of whole corn, chopped Bermudagrass hay, corn gluten feed, cottonseed hulls, and mineral supplement (FRM, Bainbridge, GA), suitable for growing heifers.
The diet was formulated to support growth rates of 1 kg/d (NRC, 2000) . Every 14 d, starting on d 0, heifers were weighed and chute scores (CS; subjective measurement of behavioral response to restraint within the squeeze chute, where 1 = calm, docile, and quiet; 2 = restless; 3 = nervous; 4 = excited and fl ighty; 5 = aggressive) and exit velocities [EV; velocity in which each animal exits the squeeze chute, as determined by the speed each animal passes through 2 light-emitting diodes optical sensors (Polaris wireless timer, FarmTek Inc., Wylie, TX), placed at a distance of 1.83 m apart] were recorded. Body weights, CS, and EV were collected every 14 d 2 Phase in which cow RFI and performance were evaluated (2010).
3 Pelleted supplement contained (DM basis): 54.11% limestone; 29.85% monocalcium phosphate; 4.8% potassium chloride; 3.6% magnesium oxide; 2.92% dried distillers grains plus solubles; 1.74% C2MZ (chelated Zn, Cu, and Mn,; Albion Laboratories Inc., Clearfi eld, UT); 1.59% MgK base (chelated Mg and complexed K; Albion Laboratories Inc.); 0.47% copper sulfate; 0.31% zinc oxide; 0.26% manganous oxide; 0.13% selenium premix (1% Se); 0.10% vitamin E premix (50% vitamin E); 0.08% vitamin A (650,000 IU/g); 0.02% vitamin D3 (500,000 IU/g); 0.01% cobalt carbonate; 0.01% ethylenediamine dihydroidide. 4 Mean of 2 samples analyzed via wet chemistry analysis.
thereafter (Fig. 1) . On d 56, heifers were assigned a pen score (PS; subjective measurement of behavioral response to isolation in pen with a handler present, where 1 = calm, docile, and quiet, and 5 = aggressive). After completing the feeding trial, heifers were assigned BCS (1 = emaciated and 9 = extremely obese; Whitman et al., 1975) and removed from FEF until calving during the 2010 spring calving season. Only 74 heifers continued to be evaluated in Phase 2, because the remaining 30 females were either culled before the 2010 calving season or failed to calve during the 2010 spring calving season.
Phase 2: Animals and Management
Beginning in January 2010, those females (n = 74; n = 14 AN, n = 11 BH, n = 22 RO, n = 10 AN × BH, n = 9 AN × RO, n = 8 BH × RO) from Phase I that became pregnant to calve during the 2010 calving season and delivered a healthy calf were included in Phase 2 of the study. Cows received ad libitum access to Tifton 85 Bermudagrass silage and mineral supplement before calving. Every week, cows that delivered healthy calves within the previous week were moved from pasture to FEF as a group. Upon entry into the facility, calves were fi tted with EID tags and cows were checked to ensure their EID were intact. Cow-calf pairs within each group were then randomly assigned to pens, with no more than 6 pairs per pen. Therefore, feed effi ciency during Phase 2 was assessed on cows based on their calving date, rather than as a single group to ensure that Phase 2 was initiated at a similar stage of lactation for all cows.
A 14-d acclimation period was allowed before initiating the 70-d feeding trial. Pairs in each pen had ad libitum access to water and 2 GrowSafe feedbunks. The forage-based diet (Table 1) consisted of 86.7% Tifton 85 Bermudagrass silage, 12.4% dried distillers grains plus solubles, 0.7% range mineral, and 0.2% salt, suitable for lactating beef cows (NRC, 2000) . Individual daily feed intakes for cows and calves were determined using the GrowSafe System. Cows were weighed weekly and calf weights were collected on d 0 and 70 (Fig. 2 ). Cows were evaluated for BCS, CS, and EV every 2 wk; however, on milking days (d 14 and 70), CS and EV were excluded to avoid confounding side effects of oxytocin administration. Pen scores were evaluated on d 49.
On d 14 (d 28 ± 3.5 of lactation) and 70 (d 84 ± 3.5 of lactation), cows were milked to determine individual energy-corrected milk (ECM) production. On the morning of milking, cows were separated from calves. Each cow was restrained in a hydraulic chute and received 40 IU oxytocin intravenously via the jugular vein. Cows were milked immediately as milk ejection occurred using a vacuum pump connected to a 4-claw milking machine. When all 4 quarters were dry, machine milking ceased and residual milk from all quarters was stripped by hand (procedure adapted from Marston et al., 1992) . Cows were returned to the pens without calves and allowed ad libitum access to feed and water. After a minimum separation period of 6 h, cows were milked again as previously described. Milk was weighed and daily production (kg/d) was adjusted to a 24-h yield. On d 0 and 70, ultrasound was used to assess LM muscle area (REA) and backfat thickness (BF), between the 12th and 13th ribs, using an Aloka real-time ultrasound scanner (3.5-MHz linear array transducer, Aloka 500V, Corimetrics Medical Systems, Inc., Wallingford, CT), and image capturing software. Two scans were taken per individual on each scan day (d 0 and 70), with REA and BF values being the average of the 2 measurements.
Statistical Analysis
Data were analyzed for the 74 females that completed both phases of the trial (i.e., data from the 30 heifers that failed to calve during the 2010 calving season were excluded from all analyses). Average daily gain for heifers and cows was calculated by regressing BW on day of test for each phase, using the SLOPE function of Excel (Microsoft, Redmond, WA). In Phase 1, RFI for 74 heifers was computed as the residual of the regression of DMI on breed, ADG, and MBW, using the GLM procedure (SAS Inst. Inc., Cary, NC). The model was as follows:
where Y ij is the expected daily DMI of the jth animal of the ith breed, β 0 is the regression intercept, ti is the effect of the ith breed (i = AN, BH, RO, AN × BH, AN × RO, BH × RO), β 1 is the partial regression coeffi cient of DMI on ADG, β 2 is the partial regression coeffi cient of DMI on MBW, and eij is the residual error of the jth animal of the ith breed (RFI). Because the RFI value for each individual is the observed DMI minus the predicted DMI (Koch et al., 1963; Archer et al., 1997; Arthur et al., 2001a; Arthur et al., 2001b) , more effi cient heifers have more negative RFI values (feed consumption was less than predicted) and less effi cient heifers have more positive values (feed consumption was greater than predicted). Once RFI was calculated, heifers were sorted and placed into Low (<0.5 SD; n = 27), Medium (within ± 0.5 SD; n = 23), and High (>0.5 SD; n = 24) feed effi ciency groups, based on their RFI values. The MIXED procedure of SAS was used to determine whether differences existed among Low, Medium, and High RFI groups for initial age at start of the trial, initial BW, fi nal BW, BCS, ADG, DMI, and RFI of heifers.
For lactating cows in Phase 2, an alternative RFI model was used to more appropriately adjust for differences in milk production and carcass composition among cows. Stepwise multiple regression analysis and backward elimination was performed to develop DMI predictive equations using PROC REG of SAS. , and change in REA (ΔREA). The signifi cance level for variables to remain in stepwise regression prediction equations was set at P < 0.05. Model selection was based on Mallows's Cp criterion (Kaps and Lamberson, 2004) and variance infl ation factors were used to diagnose multicollinearity in the fi nal model. Residual feed intake in Phase 2 was the residual of the linear regression of DMI, using the GLM procedure of SAS. The model was as follows:
where Y ij is the expected daily DMI of the jth animal of the ith breed, β 0 is the regression intercept, ti is the effect of the ith breed (i = AN, BH, RO, AN×BH, AN×RO, BH×RO), β 1 is the partial regression coeffi cient of DMI on ADG, β 2 is the partial regression coeffi cient of DMI on ECM14, β 3 is the partial regression coeffi cient of DMI on ECM70, β 4 is the partial regression coeffi cient of DMI on ΔBF, and eij is the residual error of the jth animal of the ith breed (RFI). Because the fi nal model included ΔBF, cows with missing ultrasonic data were excluded from the RFI analysis (n = 7). The GLM procedure of SAS was used to quantify Type III (partial) sums of squares for each parameter included in the model and calculate the percentage of variation each parameter contributed. Cows were sorted and placed into Low (<0.5 SD; n = 21), Medium (within ± 0.5 SD; n = 27), and High (>0.5 SD; n = 19) feed effi ciency groups, based on their RFI values, with lower values being more effi cient and greater values less effi cient. The MIXED procedure was used to determine if differences existed between Low, Medium, and High RFI groups for age at trial initiation, initial BW, fi nal BW, mean BCS, ADG, DMI, RFI, ECM14, ECM70, BF0, BF70, ΔBF, REA0, REA70, ΔREA, and days to calving (number of days to calving from 1 January 2010, fi rst day of calving season).
To assess the effect of heifer RFI rank (Low, Medium, or High) on subsequent performance as cows, a second analysis was performed using the MIXED procedure of SAS to identify differences in the same dependent variables listed for the initial model and heifer RFI group was the independent variable. The PROC CORR of SAS (SAS Inst. Inc.) was used to determine correlation coeffi cients among RFI and performance parameters among heifers and cows. It was also used to identify correlations among temperament traits and performance traits, as well as correlations among heifer and cow temperament parameters. Statistical signifi cance was declared when P < 0.05 and a tendency was declared when P < 0.10. In Phase 1, 27 heifers ranked Low (most effi cient), 23 heifers ranked Medium (intermediate), and 24 heifers ranked High (least effi cient). Initial age, initial BW, fi nal BW, BCS, and ADG of heifers were similar among groups (Table 2) when heifers were placed into groups based on RFI values as heifers in Phase I (Low, Medium, or High RFI); however, average daily DMI for Low RFI heifers (8.52 ± 0.23 kg/d) decreased (P < 0.01) 13.8% compared with Medium RFI heifers (9.88 ± 0.25 kg/d) and decreased (P < 0.01) 20.8% compared with High RFI heifers (10.76 ± 0.24 kg/d). Medium RFI heifers consumed 8.2% less (P < 0.01) feed per day than High RFI heifers. Individual heifer RFI values ranged from -2.05 (most effi cient) to 1.87 kg/d DM (least effi cient).
RESULTS

Heifers in
Similar to Phase 1, initial age, initial BW, fi nal BW, mean BCS, and ADG of cows did not differ among RFI groups during Phase 2; however, DMI varied (P < 0.01) for all groups (Table 3) . Average daily DMI for Low RFI cows (9.63 ± 0.42 kg/d) decreased (P < 0.01) 14.32% compared with Medium cows (11.24 ± 0.37 kg/d) and decreased (P < 0.01) 23.57% compared with High RFI cows Cow performance data based on heifer RFI classification (Low, Medium, or High RFI) are represented in Table 4 . Cow performance was similar among RFI groups, as initial age, initial BW, fi nal BW, mean BCS, ADG, and days to calving were not affected (P > 0.05) by RFI ranking as heifers. In addition, cow performance did not differ (P = 0.16) by heifer RFI group. Interestingly, cows that were most effi cient as heifers (those in the Low group) consumed ~11% less (P = 0.04) daily DMI (10.30 ± 0.41 kg/d) than cows classifi ed as Medium (11.60 ± 0.44 kg/d) and High (11.50 ± 0.43 kg/d) RFI as heifers. Heifer RFI classifi cation did not alter ECM of cows on d 14 or 70 of the trial. Ultrasound determination of body composition was also similar among cows in different heifer RFI groups, with the exception that cows classifi ed as having high RFI as heifers tended (P = 0.08) to have greater BF at the start of the trial compared with cows that were more effi cient as heifers (Low and Medium). Table 5 presents Pearson correlation coeffi cients of performance traits for heifers and cows. The relationship between RFI measured in heifers and that measured in lactating cows was not signifi cant (P = 0.30), nor was the relationship between heifer and cow RFI ranking (P = 0.46). Heifer ADG was positively correlated with cow DMI (P = 0.001) and tended to be positively correlated with cow RFI (P = 0.06) and cow d 70 REA (P = 0.08). Heifer ADG also tended to be negatively correlated with cow d 0 BF (P = 0.08) and cow d 70 BF (P = 0.09). Heifer DMI was also positively correlated with cow DMI (P = 0.001), cow d 70 ECM (P = 0.02), cow d 2 Cows were sorted and placed into Low (<0.5 SD), Medium (within ± 0.5 SD), and High (>0.5 SD) effi ciency groups based on their phase 2 RFI values, with more negative values (Low) being effi cient and positive values (High) ineffi cient.
x-z Means in a row without a common superscript letter differ (P < 0.05). 2 Heifers were sorted and placed into Low (<0.5 SD), Medium (within ± 0.5 SD), and High (>0.5 SD) RFI groups based on their RFI values, with more negative values (Low) being effi cient and positive values (High) ineffi cient.
x-z Signifi cant differences of least squared means within a row (P < 0.05).
0 REA (P = 0.05), and cow d 70 REA (P = 0.001), and there was a tendency for heifer DMI to be correlated with cow ADG (P = 0.08), cow d 14 ECM (P = 0.07), and cow d 70 BF (P = 0.06). Heifer RFI was not associated with any cow performance traits, except a tendency to be positively correlated with DMI (P = 0.07). A positive correlation existed between heifer RFI rank and cow DMI (P = 0.03), and heifer RFI rank tended to be positively correlated with d 0 BF (P = 0.06).
Pearson correlation coeffi cients among temperament traits (CS, EV, and PS for heifers and cows) and performance traits for heifers and cows are represented in Table 6 . Heifer CS during Phase 1 was negatively associated with ADG in Phase 1 (P = 0.02) and Phase 2 (P = 0.01), such that more excitable heifers had reduced ADG during 2 physiologically different states. Interestingly, heifer CS was positively correlated (P = 0.04) with ECM on d 14 and 70, indicating that more excitable heifers actually produced more ECM as 3-yr-old cows. Heifer EV tended to be positively associated with d 14 ECM (P = 0.08) but was unrelated to other performance traits. Heifer PS was not related to heifer or cow performance. Similar to CS in Phase 1, cow CS was negatively associated (P = 0.01) with cow ADG and positively correlated with ECM on d 14 (P = 0.001) and 70 (P = 0.01). Exit velocity recorded for cows in Phase 2 was not related to heifer or cow performance traits, yet cow PS tended to be negatively correlated with heifer DMI (P = 0.10) and number of days to calving (P = 0.08). There was no relationship among temperament traits and BCS, BF, REA, RFI, or RFI rank (data not shown). Mean CS, mean EV, and PS were positively correlated (P < 0.05) with each other between phases (Table 7) . In addition, all temperament parameters were positively correlated between the heifer and cow phases.
Breed differences for ECM production on d 14 and 70 were observed, and are presented in Fig. 3 (d 14) and Fig. 4 (d 70) . On trial d 14, AN × BH cows produced greater quantities of ECM (P < 0.05) than AN, BH, and RO cows; however, ECM was similar among AN × BH, AN × RO, and BH × RO cows. Milk production on d 14 was reduced (P < 0.05) for RO cows compared with all other breeds. On d 70, RO cows continued to yield less ECM (P < 0.05) compared with all other breeds. The BH × RO cows had greater d 70 ECM production (P < 0.05) than AN, AN × RO, BH, and RO cows. On d 70, ECM was similar between BH × RO and AN × BH cows. In addition, there were no differences observed for d 70 ECM among AN × BH, AN × RO, and BH cows. 2 Heifers were sorted and placed into Low (<0.5 SD), Medium (within ± 0.5 SD), and High (>0.5 SD) effi ciency groups based on their RFI values, with more negative values (Low) being effi cient and positive values (High) ineffi cient.
x,y Signifi cant differences of least squared means within a row (P < 0.05). 
DISCUSSION
The growth rate of heifers during Phase 1 was consistent with NRC predictions based on concentrations of dietary NE. Mean ADG for cows in Phase 2 was relatively low (0.19 kg/d), yet remained positive with little change in body fat stores, indicating that the diet met requirements for maintenance and lactation, and minimized potential for substantial increases in adipose tissue deposition during the trial period. This was verifi ed by a -0.009-cm average change in BF over the feeding trial.
In the heifer RFI model, breed, ADG, and MBW explained 52% (i.e., R 2 = 0.52) of the variation in daily DMI. This estimate is slightly less than other published estimates, where ADG and MBW accounted for variation in DMI for various breeds of Bos taurus cattle (Arthur et al., 2001a,b; Basarab et al., 2003; Nkrumah et al., 2007; Kelly et al., 2010a,b) ; however, it has also been reported that only 30% of the variation in daily DMI was explained by ADG and MBW in tropically adapted Bos taurus and Bos indicus cattle (Elzo et al., 2009 ).
Because RFI is phenotypically independent of BW and growth, it is not surprising that placing heifers into Low, Medium, and High RFI groups did not affect initial BW, fi nal BW, or ADG among groups. This trend has also been reported for weaned heifers (Arthur et al., 2001a; Kelly et al., 2010a) , growing bulls (Crowley et al., 2010) , and steers (Nkrumah et al., 2004) . Systematic reductions in DMI for more effi cient RFI rank groups have also been observed in growing cattle by several groups (Elzo et al., 2009; Lancaster et al., 2009; Shaffer et al., 2010) , confi rming that selection for cattle with phenotypically decreased RFI values would signifi cantly reduce feed consumption and maintain similar performance. It has been reported that BCS was decreased (P < 0.02) at trial completion for High RFI heifers compared with their Medium and Low RFI counterparts (Shaffer et al., 2010) ; however, contradictory results were observed in this study as BCS was not affected by RFI classifi cation.
Of the studies that computed RFI for mature cows, all have included MBW (midtest BW0.73 or midtest BW0.75) in the regression equation to determine RFI (Archer et al., 2002; Arthur et al., 2005; Meyer et al., 2008; Morgan et al., 2010; Bradbury et al., 2011) . Unexpectedly, MBW was not a signifi cant variable in the RFI model for Phase 2 in this study. Instead, ADG, ECM production at trial d 14 and 0 (lactation d 28 and 84, respectively, ± 3.5 d), and change in BF from trial initiation to conclusion were the variables that best explained the variation in DMI for mature cows. This is not surprising, as RFI is phenotypically independent of size, maintenance, growth, production, and energy depots (Crews, 2005) , due to the component traits used to compute it. Therefore, because requirements for maintenance and productivity level are positively related (NRC, 2000) , the Phase 2 RFI model accounted for the differences in milk production levels and changes in energy depots (BF) for the cows present in this study concomitantly, accounting for the variation in MBW. The Phase 2 RFI model described 60% of the variation in DMI and cow breed, ADG, ECM14, ECM70, and ΔBF contributed 33.4%, 23.7%, 14.4%, 12.1%, and 16.4% to the overall model, respectively. This indicates that statistical models used to compute mature cow RFI need to be corrected for the energetic expenditures (gestation and lactation) present during the RFI test to properly quantify variation in DMI. Reasoning for the large proportion of remaining variation for both phases is currently unknown and is likely due to complex cellular and metabolic processes that have yet to be identifi ed (Herd and Arthur, 2009; Moore et al., 2009) .
The range in cow RFI values cannot be compared with studies within the literature because these are the fi rst data where daily DMI for each individual lactating beef cow was measured. However, the wide range in RFI values among the most and least effi cient cows indicates that a greater degree of variation in RFI exists for increased maturity and DMI, when milk production and change in BF were considered. The similar body condition and carcass composition among RFI groups in this study is desirable, considering that reproductive events are mediated by nutritional status (Wiltbank et al., 1969; Day et al., 1986) and visual body composition appraisal is one way to determine nutritional status. In agreement, Meyer et al. (2008) also reported that low and high RFI cows grazing forage had similar initial BCS and had no change in BCS over the trial. However, in contrast, Arthur et al. (2005) reported that cows selected for 1 to 2.5 generations of low RFI were thinner, particularly at the start of the breeding season over 3 consecutive years (rib fat depth for low vs. high RFI = 9.3 ± 0.4 vs. 10.8 ± 0.4 mm in 2000; 9.8 ± 0.4 vs. 11.3 ± 0.4 mm in 2001; 5.7 ± 0.5 vs. 7.0 ± 0.5 mm in 2002; P < 0.05).
Cow performance based on heifer RFI rank was evaluated to determine if selection of effi cient heifers at an early age (based on Phase 1 results) would dramatically impact performance later in life. Interestingly, the most effi cient (Low) heifers consumed less feed as cows during performance that was similar to their counterparts, with the exception of a tendency for a slight reduction in initial BF. These cows maintained similar BCS, milk-producing capabilities, and reproductive performance (determined by days to calving), as cows that were less effi cient as heifers. The correlations for performance further underscore this, as heifers with greater feed consumption became cows that consumed more feed. Although the performance correlations might also indicate that heifers with greater feed consumption had greater maintenance requirements because they became cows that tended to produce more milk and had larger REA, these trends were not observed when cow performance was based on heifer RFI rank. This was likely because the RFI model accounts for differences in maintenance requirements.
When comparing these results to studies that have examined the relationship between RFI and maternal productivity in mature cows, we observed contrasting results. A trend has been reported for low RFI cows to calve 5 d later on average than high RFI cows (Arthur et al., 2005) , and dams producing low RFI progeny were reported to calve 5 to 6 d later in the year (P < 0.01) than cows that produced medium or high RFI progeny . In agreement with our results, however, it has also been reported that divergent lines of cows selected to produce low and high RFI progeny had similar milk yields (7.5 ± 0.3 vs. 7.8 ± 0.3 kg/d; P > 0.05) and performance (Arthur et al., 2005) . Therefore, it may be possible to reduce feed costs by selecting only the most effi cient heifers without compromising performance.
Correlations between Phase 1 and Phase 2 RFI values and RFI rankings were not signifi cant in this study, indicating that within-animal feed effi ciency was not maintained as the calves developed from growing heifers to mature, lactating cows. A recent study examining the repeatability of RFI between the postweaning phase and early gestation in Bos indicus cows reported a negative Pearson correlation coeffi cient (r = -0.24; P = 0.03), indicating that RFI may not be a reliable predictor of mature cow RFI during the fi rst trimester of gestation (Bradbury et al., 2011) . In contrast, moderate correlations have been reported for RFI values of growing heifers and cows subsequently re-evaluated during gestation (r = 0.51, P < 0.01; Morgan et al., 2010) , or as nonpregnant, nonlactating mature cows (r = 0.40, P-value not reported; Archer et al., 2002) , indicating that postweaning RFI may be an accurate predictor of feed effi ciency throughout the lifetime of beef females. However, it appears that the relationship between postweaning and mature cow RFI is minimal when cows are lactating and nursing calves.
Our fi ndings were consistent with another published study that reported no relationship between RFI and temperament traits (Nkrumah et al., 2007) . One proposed reason for this is that adjustment of RFI for growth and maintenance results in the indirect elimination of the negative effects of excitable animals on intake, growth, and effi ciency, because RFI is phenotypically independent of maintenance (Nkrumah et al., 2007) . Chute score was more strongly correlated with productivity traits than other temperament parameters. As expected, heifers and cows that were more restless and excited during restraint in the chute had reduced BW gains. In addition, cows with more excitable temperament scores with associated human presence in the pen tended to have reduced daily DMI. Because CS and PS were moderately correlated, it is possible that reduced BW gains were a function of decreased feed consumption. During the feeding trial at FEF, females were subjected to frequent human presence during daily feeding and it is possible that increased stress due to human presence may have driven down feed consumption for more temperamental females. Surprisingly, the positive correlations between ECM and CS recorded in both phases indicate that more nervous females in the squeeze chute produced more ECM in their second lactation. Previous reports stated that more temperamental cattle actually have reduced milk production (Drugociu et al., 1977; Breuer et al., 2000) , so it is possible that the temperamental cows in this study may have had greater milk-producing potential than their counterparts. The ECM data further support this hypothesis, as Brahmaninfl uenced cows had greater milk yields during lactation and Brahman-infl uenced cattle have been reported to have greater cortisol concentrations than Englishcrossed cattle when restrained in a chute (Zavy et al., 1992) . Therefore, the relationship between temperament and milk production in this study was likely mediated by a breed effect. Finally, the relationship among the temperament parameters measured in this study reinforces the observation that although various temperament traits measure different aspects of cattle behaviors, they relate to each other (Curley et al., 2006) and are traits that warrant consideration during selection.
In conclusion, although RFI for postweaning and lactation phases do not appear to be related, it appears that selection of the most feed-effi cient heifers based on postweaning RFI may have economic implications by reducing feed costs and maintaining similar cow performance throughout lactation. In addition, RFI models need to be refi ned to better quantify energy sinks of productive females. Temperament parameters were not related to feed effi ciency in this study; however, temperament parameters did affect feed consumption, weight gains, and ECM production, and could have been mediated by a breed effect. Although this study provides valuable insight for using RFI as a selection tool for replacement females, the relationship between RFI and reproductive performance and longevity needs to be fully characterized to understand the impact RFI may have in a breeding scenario.
